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TODs
• TOD: a relatively recent neighbourhood 
design concept 
• It was first introduced by Peter 
Calthorpe in the Next American 
Metropolis (1993)
• TOD is characterised by:
• Moderate to high density: 
residential and/or employment
• Diverse land use patterns
• Well-connected street networks 
(e.g. grid as opposed to cul-de-
sacs)
• Good public transport accessibility
Milton, Brisbane
Dallas, USA
Similar concepts in the literature
• Traditional neighbourhood design, 
• Neo-traditional neighbourhood design, 
• Mixed-use urban centres, 
• Pedestrian pockets, and
• Transit adjacent development (TAD) 
• “Evil twin” of TODs  (Halbur, 2007)
foster compact 
development (Ryan and 
McNally, 1995)
TADs
• Like TODs, TADs are also located 
within a 10-min walk around a 
transit stations/stops (Renne, 2009).
• However, unlike TODs, TADs 
possess (Duncan, 2011; Renne, 2009):
• suburban street patterns (e.g. cul-de-
sac), 
• low densities, and 
• segregated land uses. 
• Suburban development located adjacent to a train station cannot, 
therefore, be labelled as a TOD (Belzer and Autler, 2002). 
• When TOD development goes bad, it often ends up with a TAD.
• TAD is being dealt for years and is often passed off as TOD (Hollenhorst, 
2007) ; thereby diluting TOD research (Halbur, 2007)
Fremont BART station
Research on TAD-TOD typology
• About 100 out of 3300 stations are TOD in the USA  as identified by the 
stakeholder (Transportation Research Board, 2004) – i.e. 97% are TADs (Renne, 2009)
• A more recent study scored all train station precincts  in the USA to generate a 
TOD-TAD typology (Renne and Ewing, 2013):
• Jobs/residents  > 30/acre = 1 point
• residential/commercial <100% = 1 point
• Block size <6.5 acres = 1 point




Total station 100 (3,417) 100 (4,399)
• TAD = 0 or 1 point
• Hybrid = 2 points
• TOD = 3 points
Mode choice in TAD-TOD typology
• Renne (2009): TOD (Downtown 
Berkeley) vs. TAD (Fremont BART) 
• Commute by transit: 24% vs. 12% 
• Walking and cycling: 37.7% vs. 4.1%
• One or no vehicles: 74% vs. 45.7% 
• Renne and Ewing (2013)
• All stations in the USA
• TODs had significantly higher shares 
of walking, bicycle and transit 
commuting when compared to 
hybrids and TADs.
• TOD-TAD not incorporated into their 
multilevel modelling of mode choice
Research problem
• Descriptive differences on mode choice between TODs and TADs
• We know that TADs have impacts, but these are not disentangled 
from TODs – diluted TOD findings 
• What about the residential self-selection effect in TAD-TOD 
research?
• How can we obtain the true impacts of TODs on mode choice?
Research objectives
• The idea:
• When demographic and attitudinal factors are controlled, the remaining 
effects of the built environment is closer to the “cleansed and true” causal 
effect
• When TADs and other neighbourhoods (e.g. traditional suburbs) are 
controlled for from the built environment, the resulting effects are true TOD 
effect
• However, practice is limited by the fact that most travel survey 
does not collect attitudinal data; there are indirect ways, however 
(e.g. instrumental variable) (Bhat and Guo, 2007).
• The objective of this is: 
• to  identify the true impact of TODs on mode choice behaviour by 
disentangling the impacts of:
• TADs, and 
• Directly controlling for residential self-selection  (sorting) and other 
attitudinal effects.
Data
• HABITAT (How Areas in Brisbane Influence 
HealTh and AcTivity) panel survey data
• Clustered random sampling (200 CCDs (11%) 
in Brisbane).
• Three phases (2007, 2009 and 2011) included 
11036, 7866, and 6901 adults respectively
• Sample: the baby boomers cohort (aged 
between 40 and 70 years)
• The 2011 version of the survey was used in this 
research 
• Analytic sample: 3537 commuters (excluding 








Derivation of environmental indicators
• Six environmental factors were derived 
(Kamruzzaman et al. 2013, 2014)
• PTALs, 
• Net residential density, 
• Net employment density, 
• Land use diversity, 
• Intersection density, and 
• Cul-de-sac density.
Explanatory factors: derivation of 
neighbourhood typology 
• A two-stage process was used
• Both stages used the TwoStep Cluster analysis technique to 
identify natural grouping
First stage cluster analysis
First stage cluster analysis
Second stage cluster analysis















Closeness to public transport 0.700 -0.006 0.079 0.024
Ease of walking to places 0.666 0.221 -0.024 -0.039
Wanted to live close to shops 0.730 -0.102 0.038 0.193
Closeness to open space (e.g. parks) 0.133 0.886 0.069 -0.125
Near to green-space or bushland -0.058 0.658 0.017 0.185
Closeness to schools 0.129 0.023 0.722 -0.130
Closeness to childcare -0.080 0.023 0.633 0.115
Closeness to the city 0.042 0.085 -0.042 0.602
Closeness to work 0.038 0.012 0.090 0.527
Access to freeways or main roads 0.311 -0.028 0.036 0.386
% of variance explained 32.679 9.359 6.315 4.484
Total variance explained (%) 52.838
KMO MSA 0.783
Extraction Method Principal Axis Factoring
Rotation Method Oblimin with Kaiser Normalization
N 3537











Public transport is inconvenient and unreliable 0.812 0.034 -0.010 -0.073
Travelling by public transport is not very pleasant 0.624 -0.033 -0.077 0.143
Using public transport takes too much time 0.685 0.042 0.095 -0.026
Public transport can sometimes be difficult than driving 0.431 -0.125 0.051 0.080
People need to walk and cycle more to improve the environment 0.027 0.931 -0.005 0.052
People need to walk and cycle more to reduce global warming 0.028 0.790 -0.043 0.046
People need to walk and cycle more to reduce traffic congestion 0.040 0.754 -0.020 -0.017
People need to use public transport to reduce traffic congestion -0.098 0.527 0.049 -0.060
I need a car to do many of the things that I do 0.024 0.048 0.782 0.002
I could not manage pretty well without a car -0.001 -0.051 0.628 0.023
Travelling by car is safer overall than taking public transport 0.159 0.030 0.030 0.690
Travelling by car is safer overall than walking -0.061 -0.008 0.015 0.661
% of variance explained 26.029 15.023 6.819 4.231
Total variance explained (%) 52.102
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.789
Extraction Method Principal Axis Factoring
Rotation Method Oblimin with Kaiser Normalization
N 3537
Socio-demographics
Socio-demographics % Socio-demographics % Average
Female 53.8 Living arrangement: Living alone with no children 13.9
Car availability: Yes, always 92.5 Living arrangement: Single parent with >=1 children 6.8
Car availability: Yes, sometimes 4.6 Living arrangement: Single and living with friends 3.4
Car availability: No 1.5 Living arrangement: Couple living with no children 28.1
Car availability: Do not drive 1.4 Living arrangement: Couple living with >=1 children 46.3
Employment status: part time 32.2 Living arrangement: Other 1.5
Employment status: full-time 67.8 Country of birth: Australia 77.0
Level of education: Upto year 12 31.0 Country of birth: Other 23.0
Level of education: Diploma 29.0 Age 54.2
Level of education: Graduate and over 40.0 Household size 2.9
Income: 1st quartile (lowest) 10.3 Health status 3.4
Income: 2nd quartile 19.5 Commute time: Less than 15 minutes 27.5
Income: 3rd quartile 30.6 Commute time: 15-30 minutes 42.9
Income: 4th quartile (highest) 27.2 Commute time: 30-60 minutes 26.6
Income: Missing 12.4 Commute time: More than 60 minutes 3.0
N 3537
Results: binary logistic regression
Explanatory factors Odds ratio (outcome variables: mode of transport to work) (1 = yes, 0 = no) 
Car/taxi/motorcycle Public transport Active transport Other
N. type: Urban TOD (ref: traditional suburbs) 0.693 1.456 0.443
N. type: Activity centre TOD (ref: trad suburbs) 0.711 0.334
N. type: Potential TOD (ref: traditional suburbs) 0.384
N. type: TAD (ref: traditional suburbs) 0.553
Net employment density 0.998 1.004
Intersection density 0.532
Cul-de-sac density 0.110
Trav. Attitudes: Negative perception about PT 1.400 0.483
Trav. Attitudes: Sensitive to environment 0.862 1.147
Trav. Attitudes: Car dependent 2.058 0.437 0.544 1.365
Self-selection: accessibility and mobility 1.287
Self-selection: natural environment 0.872
Travel time: 15-30 minutes (ref: <15 minutes) 1.591 10.289 0.405 0.158
Travel time: 30-60 minutes (ref: <15 minutes) 0.634 41.868 0.786 0.173
Travel time: >60 minutes (ref: <15 minutes) 0.463 59.907
Socio-demographics ………………..
Constant 9.608 0.077 0.111 0.201
-2 log likelihood 2725.07 2160.26 2279.75 827.57
Chi2 (Omnibus tests of model coefficients) 631.72a 1064.69a 360.27a 124.40a





• Objectively derived neighbourhood types
• Self-selection effects were controlled
• True impact of TODs on mode choice
• TODs foster the use of more 
sustainable modes of transport
• TADs are the “evil twin” of TOD
• TADs can be converted into a TOD with 
relative ease in order for full benefits 
to be realised.
Conversion from TAD to TOD, Subiaco WA
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